As the core of the effective financial crisis prevention, enterprise finance crisis prediction has been the focal attention of both theorists and businessmen. Financial crisis predictions need to apply a variety of financial and operating indicators for its analysis. Therefore, a new evaluation model based on nonlinear programming is established, the nature of the model is proved, the detailed solution steps of the model are given, and the significance and algorithm of the model are thoroughly discussed in this study. The proposed model can deal with the case of missing data, and has the good isotonic property and profound theoretical background. In the empirical analysis to predict the financial crisis and through the comparison of the analysis of historical data and the real enterprises with financial crisis, we find that the results are in accordance with the real enterprise financial conditions and the proposed model has a good predictive ability.
Introduction
Transportation, as a basic part of the integrated economic system, plays a pivotal role in the development of every country. China's transportation industry is now also facing some problems. For example, the financial management level of the transport organization is not high, resulting in the hardships in the operation of the transportation companies [1] . To solve these problems, the enterprise financial crisis prediction in the transportation industry has been the focal attention of both theorists and businessmen.
Meanwhile, the stock market is the "barometer" of the economy. Therefore, the sound and orderly development of the listed transportation companies is important in China's economy. Transportation, a basic industry in every nation, was badly affected in the world financial crisis of 2008. Therefore, it has become significant to predict the financial crisis of listed Chinese transportation companies. An empirical study in the related field can also contribute to the transportation research worldwide.
In order to effectively prevent the enterprise financial crises, experts, scholars, and practitioners have been very interested in the tools that can predict business failures. Based on the in-depth analysis of the theory and the practice of enterprise financial crisis prediction in the Chinese transportation industry, we establish a new enterprise financial crisis prediction model based on the method of nonlinear programming evaluation and conduct the empirical research.
Literature Review
The literature on the enterprise financial crisis prediction is very rich. Experts and scholars have done a large number of quantitative researches on enterprise financial crisis since the 1930s [2] and many theoretical studies and empirical studies have emerged in this field [3] [4] [5] [6] . In general, the study and the investigation of the financial crisis prediction methods develop from the univariate analysis to the multivariate prediction, from the traditional statistical methods to the statistical analysis based on artificial intelligence. Specifically since the 1980s, along with the rapid development of the computer technology, the advantages of artificial intelligence technology have become prominent and have been successfully broadened and applied to the financial crisis prediction, and there are a great number of empirical studies of the prediction methods, including the statistical methods based on accounting and the artificial intelligence methods based on data mining. The former includes the univariate analysis (UA) [7] , multivariable discriminate analysis (MDA) [8] , logistic regression (LR) [9] , multivariate probability regression (Probit) [10] , and optimality theory (OT). Nonlinear programming, as a part of OT, has been widely applied to various fields of operations researches and management science. Strictly speaking, the above listed MDA, LR, and Probit are essentially a kind of OT, because the solution of the model is ultimately based on the optimization equation. However, the prediction directly based on the optimization methods was not common until Hochbaum published a series of papers in management science and operations management to build an SDM model to solve this kind of problem. Based on the definitions of bias and offsets, the author established a polynomial time solvable composite optimization model and applied it for the customers' adoption behavior [11] , financial institution risk assessment [12] , resource optimization deployment [13] , and so forth.
It can be found through the literature study and comprehensive review of the financial crisis prediction methods that we must overcome the shortcomings of the traditional models so as to build a scientific, fast, and effective model for the enterprise financial crisis prediction, the top priority of which is to learn from the strong points of each model and build an accurate and isotonic model.
Methodology

Nonlinear Programming Evaluation Model.
Nonlinear programming (NLP) is the process of solving an optimization problem defined by a series of equalities and inequalities, collectively termed constraints, over a set of unknown real variables, along with an objective function to be maximized or minimized, where some of the constraints or the objective functions are nonlinear. In the nonlinear programming evaluation model, it is necessary to obtain the unknown variables 1 , 2 , . . . , and ensure that they can meet the following constraints. The general nonlinear optimization problem (NLO) can be stated simply as max ∈ ( ) to maximize some variables such as product throughput or min ∈ ( ) to minimize a cost function where : → , ∈ , subject to ℎ ( ) = 0, ∈ = 1, . . . ,
where ( ): scalar objective function; : vector of variables; ( ): inequality constraints, vector; ℎ( ): meq equality constraints.
, , and ℎ are,respectively, defined as the function of in the n-dimensional vector space, and there needs to be at least one nonlinear function. The model can be summarized as
In Formula (3), = ( 1 , . . . , ) is the constraint in the definition domain and s.t. represents the constraint relationship. In the domain , the final result to satisfy the constraints is the feasible solution. The set made up of all the feasible solutions is the feasible set of the issue. In the feasible solution * , ( * ) is the value of the objective function at * if there is a neighborhood domain * . And * will be the local optimal solution if ( * ) is significantly better than the other feasible solutions. Similarly, if ( * ) is significantly better than the values of all the other feasible solutions, * will be the overall optimal solution of the issue. In the practical nonlinear programming, it is necessary to obtain the overall optimal solution. Convex programming is different from other types of nonlinear programming in the classification. In the above nonlinear programming mathematical models, if is a convex function, then all the are concave functions and all the ℎ belong to a convex programming function. is a convex function so the definition domain of is definitely a convex, and in the definition domain, and are supposed to be the positive number and less than 1, as shown in the following inequality:
Reverse the inequality mark in Inequality (4), and we are able to generalize the definition of the convex set, that is, the set of the straight lines to link any of the two points. In order to clearly describe the two properties, that is, the ordering of the present indicators and the similarities between the evaluation results and value of the indicators, we, firstly, build the following nonlinear programming model:
where represents the number of the enterprises, represents the number of the indicators, and functions and are convexes that meet the conditions that the values of the two functions are zero at the point of zero; that is, (0) = (0) = 0. The comprehensive evaluation model reflects the following significances.
(1) The constraints express the consistency of the evaluation results; that is, there is never the contradiction logical structure > > > . In fact, the following characteristics can be found in the constraints. If (2) The first term of the objective function reflects the consistency degree of the comprehensive evaluation results of the model and the order of the initial information. If they are inconsistent, this part will play a role of punishment.
(3) The second term of the objective function reflects the gap between the evaluation scores and the indicator values, which ensures the consistency between them. In fact, it can be found that, for any transform of , the value of the first term of the objective function will not change. Therefore, in order to ensure that the model has a unique solution, a feasible method is to add the second term of the objective function to limit the scale of the model results.
The discussion of the related properties of the nonlinear programming evaluation model starts with formula (5).
Property 1. The solution of the optimal formula (5) exists.
Proof. Any set of the real numbers can be a solution of the optimal formula (5), so the solution exists.
Property 2.
If the equation is not limited to specific forms, the solution may not be unique for the general form of formula (5).
Proof. A counterexample shown in Table 1 can be the proof.
Take the absolute value and in formula (5), and we can obtain the following nonlinear optimization:
There is no unique optimal solution to this problem, and the following two solutions are the optimal solutions to the initial problem:
Take the absolute value of the above two functions, and get the following programming: where and are the corresponding weights, reflecting the importance degrees of the indicators. Accurately speaking, these two indicators are not related to the individual number , , but to , so they can be written as and who are larger than zero.
Property 3. The first summation term in formula (8) 
Property 4. The absolute value of the nonlinear programming evaluation model (9) cannot meet the definition of the isotonic nature.
Proof. One case can prove this nature as seen in Table 2 .
Let all the indicators have the same weight, namely, = = 1, solve formula (9) , and get the model as
The solution of this equation is 1 = 4, 2 = 3.
Seen from this property, the initial programming model cannot keep the isotonic nature in the absolute values.
Improvement of the Nonlinear Programming Evaluation
Model. Property 4 reveals that the initial model does not have the isotonic nature, which is a fatal shortcoming for a good nonlinear optimization evaluation model. Therefore, it is necessary to improve and amend the existing model. Therefore, Model (11) Property 5. For nonlinear programming, formula (11), when we take as the absolute value function, the formula is isotonic.
Proof. The optimal solution
* of the first objective function is isotonic. In solving the second objective function, * obtained in the first step does not change. The result obtained in the first step meets the following features of the optimal solution of ; that is, if ( * 1 , * 2 , . . . , * ) is an optimal solution of the initial issue, then so is ( * 1 + , * 2 + , . . . , * + ). Therefore, the second step is equivalent to determine . This process does not influence the isotonic nature of the first step. Therefore, this multiobjective programming is isotonic.
In formula (11), we can also take and as a quadratic function, and the specific form of formula (11) is as 
In formula (12) , it is in line with most of the modeling features that the coefficients of the two optimization objective functions are the same; namely, the coefficients reflect the weights of the corresponding indicators.
In this objective constraint, we can get a weighted average result, which also shows the generality of this model; that is, it includes the evaluation with a weighted average.
Characteristics of the Nonlinear Programming Evaluation
Model. Based on the theoretical and comparative analysis above, the nonlinear programming evaluation model has the following three obvious characteristics.
(1) Broad Applicability. This model can be applied to the situations with or without preferences, with specific evaluation values, or with the missing data. Based on the definition of financial crisis and the previous researches, this study establishes an objective and rational index system for the financial crisis prediction model. Table 3 .
Procedures of Model Implementation
Step 1. Process the indicators and get the data normalized.
Abstract and Applied Analysis 5 Step 2. Determine the indicator weights based on FAHP and calculate them into Model (12) , that is, to determine and V as shown in the following model:
. . , ; = + 1, . . . , ) = − .
Step 3. Solve Model (13).
Step 4. Rank the enterprises, set the criteria scores for the enterprises with financial crisis, and identify the enterprises with potential financial crises.
Results and Revelation of the Empirical Analysis.
Based on the implementation steps of the model and the weight values obtained with FAHP, we know that the weight of the Kth indicator is the coefficient value and V . And when is fixed,
Put formula (14) into formula (13) . In the data normalization, we can find that there are many missing data, so the approach here is applicable. Meanwhile, all the indicators here are positive, which means that the larger the indicator value is, the less likely the financial crisis will happen. Therefore, we can rank the enterprises in accordance with descending order of the values in the model as shown in Table 4 . After normalization of the results, solve the above nonlinear programming problem with formulas (13) and (14) . See Table 5 for the score and ranking of the 40 enterprises.
As seen in Table 5 , enterprises with the more rearward ranking are more prone to financial crisis. In order to verify the correctness of the proposed model, we compare the relevant data in 2010, 2011, and 2012 and find that the twenty 
Conclusions
In this study, a new evaluation model based on the nonlinear programming is established, the properties of the model are proved in details, the specific steps of the solution process are demonstrated, and the significance of the model is discussed.
With the good properties of isotonic and the profound theoretical background, the proposed model can deal with the missing data. As shown in the empirical analysis to predict the financial crisis and the comparison of the historical data and the reality of the enterprise financial crisis, the established prediction model of enterprise financial crisis can adapt well to the features of the financial crisis data with a higher predictive accuracy. The method in this study not only provides a new effective model for the prediction of enterprise financial crisis, but also expands the application of nonlinear programming evaluation method. The predication results can inspire the Chinese transportation enterprises and encourage them to find the financial crisis and explore the potential to improve their business. Furthermore, the international transportation enterprises can also make a thorough comparison so as to develop the correspondent competitive strategies.
This research is based on the grading classifications of enterprise financial crisis. The future study can focus on the combinations of the enterprise financial crisis prediction and the information technology and the decision support theory to develop the design and the prototype of the financial crisis prediction support system.
